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SUMARY

A fractionation and bioassay scheme was devel oped that can be
applied to oil sanples to assess the potential biological hazards of the
various conmponents that remain after an oil spill. The fractionation procedure
i nvol ves solvent partitioning between heptane and acetonitrile, gel perneation
chromat ography using Bio-Beads s-x8, and silica gel chromatography. The first
two steps are effective in renmoving intractable conponents that otherw se
interfere with bioassay studies. Two in vitro bioassay tests and an in vivo test
were studied to assess toxicity and mutagenicity of oil fractions. These were
(1) the Anes bacterial nutagenicity test, (2) a manmalian-cell toxicity
test, and (3) a mysids toxicity test. Al three tests can be run using no nore
than a total of 30 ng of material.

In the course of developing the fractionation and bi oassay protocol
sanpl es of fresh Prudhoe Bay crude oil, weathered Prudhoe Bay crude oil, and
shal e oil were fractionated and bioassayed. The bioassay data obtained indicated
that the aronmatic hydrocarbon fractions are the nost toxic fractions and
probably represent the greatest biological hazard of any fraction in an oil spill
situation. Some of the aromatic hydrocarbon fractions had toxicities conparable
to those of phenanthrene and 1l-methylpyrene used as reference materials. Some
of the polar oil fractions were also shown to be toxic and slightly nutagenic.
The shale oil fractions were often more toxic or nutagenic than the crude oi
fractions. The weathered crude oil contained |ess volatiles and somewhat nore
pol ar conponents than the fresh crude oil. The fractionation and bi oassay
protocol that finally evolved fromthe study needs to be applied to the three
oils to obtain nore definitive information on the potential biological hazard of
the polar fractions.



| NTRODUCTI ON

A General Nature and Scope of Study

Studies on the biological effects of petroleum and the associated
chemical anal yses have generally concentrated on the hydrocarbon conponents
that can be readily analyzed by gas chromatography. The aromatic hydrocarbons
have been of nmajor interest interest because many of them e.g. benzenes,
naphthalenes, and phenanthenes, are quite toxic while others, e.g. benzo(a)pyrene,
are mutagenic and carcinogenic. Petroleum however, is conprised of many other
conponents including nonvolatile and polar conponents that can not be analyzed for
by the usual GC procedures.

In a highly weathered crude oil nmajor amunts of the hydrocarbons have
been | ost by dissolution, evaporation, mncrobiological degradation, or
photochemical degradation. Miay of the conponents that remain are not anmenable
to analysis by gas chromatography because they are too nonvolatile or too polar.
Nevert hel ess, any program concerned with the |ong-term biol ogical effects of
oil spills ought to consider such conponents. Perhaps some of the nonvolatile
or polar conponents are toxic or mutagenic and should be studied in nonitoring
progranms. On the other hand such conponents may have no significant biologica
effects and should be ignored. However they should not be ignored until there
is experinmental evidence indicating that they are indeed inactive. They shouldn't
be ignored sinply because they are not detectable by the usual analtyical nethods.

This research program was undertaken as an effort to determne
whether any of the nonvolatile and pol ar nonhydrocarbon conponents are toxic
or mutagenic and thus represent a biological. hazard in an oil spill situation.
The program plan involved fractionation of oil into various hydrocarbon
fractions and nonhydrocarbon fractions followed by bioassays to detect any
toxicity or nutagenicity. Those fractions exhibiting activity would be sub-
fractionated and the subfractions checked by bioassays. Mre extensive bioassay
and chem cal characterization studies would be directed to the active subfractions,
hence, the term “activity-directed” fractionation. The programinvol ved
primarily a study of fresh and weathered Prudhoe Bay crude oil

B. Specific bjectives

1. Develop procedures for fractionating and isolating the
nonhydr ocar bon conponents of crude oil

2. Determine the toxicity and nutagenicity of nonhydrocarbon 0i
fractions using bioassay screening procedures amenable to small amounts of sanple.

3. Characterize the active nonhydrocarbon 0il fractions.

C. Relevance

The programinvol ved the use of Prudhoe Bay crude oil, the oil
most apt to be involved in any oil spill in the Alaskan environnment. The
weat hering was perforned in an Al askan environment to sinulate the weathering
processes that would occur in an Alaskan oil spill.: Since the possible
bi ol ogi cal activity of nonhydrocarbon conponents in oil have been largely ignored
in the OCSEAP program denonstration of significant toxicity or mutagenicity in
nonhydrocarbon fractions associated with Al askan-weathered Prudhoe Bay crude oi
woul d need to be considered in the design of any continuing OCSEAP nonitoring
prograns.



EXPERI MENTAL APPROACH

The original design of the program was based on the concept of
activity-directed fractionation. Ol was to be fractionated into a dozen
fractions or so, bioassay tests would be run to determ ne which fractions
were toxic or nutagenic, those fractions that showed activity would be sub-
fractionated, bioassay tests would be run on the subfractions, and the
process of subfractionation of active fractions followed by bioassay would
be continued until subfractionation no |onger increased the activity per unit
weight. The inactive fractions and hydrocarbon fractions obtained would be
ignored and the final active nonhydrocarbon fractions would be characterized
chem cal ly as well as for biological activity. An effort would be made to
account for all of the oil, i.e. obtain a mass balance, so that no potentially
active fractions woul d be overl ooked.

Three major inherent problenms seriously interfered with the success
of the original program design. One programinvolved volubility -- the
probl em of how to get highly water-insoluble components of oil into an aqueous
medi um required for hioassay. A second problemwas the partial volatility of
the oil which made it difficult to obtain reliable residue weights and
therefore prevented a good mass bal ance from being achieved. The third problem
was the insensitivity of the bioassay screening methods, especially the
Ames mutagenicity assay, which neant that in the initial fractionation even
those fractions containing active conponents would be so diluted by inactive
conponents that no activity would be detected. This meant that all of the
fractions would appear inactive and no direction would be given to the
subfractionation.

Vol ubility Probl em

The volubility problemwas not an unexpected probl em but one which
had to be dealt with somehow. The problem had three facets. A nmedium was
needed that would (1) dissolve or disperse the oil fraction (2) keep the oi
fraction dispersed in the aqueous bioassay nedia, and (3) be nontoxic to the
bi oassay organi sns.

Organic solvents such as tetrahydrofuran, benzene, pyridine, and methylene
chloride were found to be good solvents for the oil fractions and were
sufficiently water soluble but were too toxic. Dimethyl sulfoxide and acetone
were not toxic and therefore were satisfactory for the bioassay but woul d
not dissolve many of the oil fractions. Nunmerous other solvents, mainly
al cohol's and ketones, were investigated and the best ones found were cyclohexanone
and cyclohexanol. These two were good oil solvents, sufficiently water-soluble
and less toxic than tetrahydrofuran. However, they were still too toxic and
al though the oil fractions dissolved in the solvents as soon as the sol utions
were mxed with aqueous bioassay nmedia the oil fractions separated out.

Several dispersants were studied in an effort to keep the oil fractions
dispersed in the bioassay media. The dispersants were selected for lowtoxicity
and included glyceryl monooleate, | ecithin, nonyl phenoxypol yet hoxyet hanol,
and Corexit. None was effective in the in vitro bioassays. |In addition to
being ineffective, the dispersants interfered wth the manmalian cell toxicity
assay by causing the cells to become detached from the assay plate.



Because of the problem of at least partial insolubility of some of the
oil fractions and the inability to disperse them conpletely, the plan of
attenpting to account for the potential biological activity of all fractions
was changed to a plan for studying only those fractions that would dissolve
i N dimethyl sulfoxide (DMSO). This change was justified on the basis that
practically all known biologically-active organic compounds are at |east
slightly soluble in pMSO, or, froma nore fundanental standpoint, if a
conmponent does not dissolve at least slightly in DMSO it is unlikely that it
can pass into a cellular systemto exert a biological effect.

Vol atility Problem

The partial volatility of crude oil affects the accuracy of residue
wei ghts and therefore interferes with efforts to achieve a nass blanace. I n
evaporating oil solutions, the oily residue acts as a keeper for the solvent
as well as a keeper for the nore volatile oil conmponents. The ideal case
woul d be one in which the amount of solvent remmining after evaporation were
equal to the amount of volatile oil conmponents |ost so that the residue
wei ght observed would fortuitously be equal to what might be called the true
residue weight. However as the viscosity and volatility of the oil conponents
vary fromfraction to fraction the errors in residue weight determnations will
vary considerably. In nost cases the residue weight observed was |ess than
the expected true residue weight.

In an effort to decrease the anount of volatile oil conponents | ost
during residue weight determinations and thereby inprove the mass bal ance, sone
of the more volatile conponents were renmoved by reduced pressure distillation
The percent of total oil removed in this manner was quite arbitrary and
depended upon the distillation conditions. This approach hel ped considerably
in obtaining residue weights that were closer to the expected val ues but even
so they could only be considered as approximtions. In nost of the fraction-
ation steps prior renmoval of wvolatiles was not used and recoveries based on
residue weights were frequently about 85 percent. The 15% di screpancy coul d
represent material that was not recovered or could sinply represent errors
in the residue weight determ nations.

Insensitivity of Ames Test

The problem of the insensitivity of the Anes test can be eval uated on
the basis of its theoretical ability to detect benz(a)pyrene (BaP) in crude
oil. The detection limt for BaP in the Anes test is about 1 ug. The amount
of BaP that can be expected in crude oil is about 1 ug/g. |f BaP were the only
mut agen present in the crude oil, all of the BaP in one gram of oil woul d need
to be added to an Ames test plate in order for any nutagenicity to be detected.
However, the maxi num amount of sample that can be accommodated by an Anes
plate is about 1 ng (0.1 m of a 1% solution in DMSO). This means that the
1 ug of BaPin 1 g of oil has to be concentrated by a factor of 1000 before it
can be detected by the Ames test. |f all fractions contained equal anounts
of material, the crude oil would have to be fractionated into at least 1000
fractions and all of the BaP would have to be in just one of those fractions
before any nmutagenicity would be detected. These quantitative considerations
are summarized in Table 1.



TABLE 1.  QUANTI TATI VE CONSI DERATI ONS OF THE AMES TEST

PREM SE 1: BaP Concentration In Crude QI =1 ug/g
PREM SE 2: BaP Is Only Mutagen In Crude QO
PREM SE 3: Limt O Detection of BaP In Anes

Test = 1 ug

CONCLUSI ON 1: All O The BaP In 1 g O Cude Ol Mist
Be Added To Ames Test To Be Detectable

PREM SE 4: Maxi mum Anount OF Sanpl e Accommodat ed
By Ames Test = 100 u1 O 1% Solution =
1l mg

CONCLUSI ON 2: Crude O Must Be Fractionated In A
Manner That G ves A 1000-Fol d Concen-
tration Factor for BaP

PREM SE 5: All Fractions Contain Equal Anmpunts
O Mterial

CONCLUSI ON  3: Crude O Mst Be Fractionated Into At
Least 1000 Fractions And All O The BaP
Must Be In One O Those Fractions Before
Any Mutagenicity WII Be Detected

The above considerations denonstrated that the concept of initially
fractionating the oil into only a dozen or so fractions and using bioassay
activity to direct subsequent subfractionations could not be applied successfully.
Therefore, the approach was changed to provide for a nunber of fractionation
before applying bioassay tests. Mst of the final fractions contained only
1-2 ng of residual material per gramof oil. Mich of the total oil was dis-
carded in DMSO-insoluble fractions, high-nolecular-weight fractions, or
hydrocarbon fractions. A few fractions contained 5-25 ng of residual materia
per gram of oil. Because of the fractions discarded and the few fractions
containing relatively large amounts of material, the total nunber of fractions
obt ai ned was only bout 45 instead of 1000.

A problem associated with the insensitivity of the bioassay tests was
that of scaling up fractionation procedures to provide enough of a fraction
for replicate bioassays under different conditions. The scaled up procedures
used permtted 10 g of oil to be processed. Fractions which contained only
10-20 my of material could only be assayed once. Mre attention was therefore
given to fractions containing 50-250 ng of total residual material.

Fractionation Schene

Several different fractionation schemes were investigated during the
course of the program Initial fractionation schemes involved vacuumstripping
of volatiles as discussed above, separation of pentane-insolubles (asphaltenes),
and silica gel chromatography of the pentane solubles. Subsequent subfraction-
ation was to be achieved by gel permeation chromatography and HPLC using



reverse-phase systems. The eluting solvents used for successive elutions in
the silica gel chromatography were petroleum ether, 20 percent methylene
chloride in petroleum ether, methylene chloride, and acetonitrile. This
elution scheme suffered fromthe fact that acetonitrile, |ike DMSO, is not

a very good solvent for many of the oil fractions and thus retarded rather
than accelerated the elution of conponents from silica gel

Tetrahydrofuran (THF), a highly polar solvent and an excel | ent
solvent for all oil fractions, was substituted for acetomitrile. Ideally,
the fractions eluted wWith THF could be concentrated and assayed directly.
However, as described above, THF was too toxic to the assay organisms. It
was al so found that concentration of fractions and blanks to an oil for solvent
exchange resulted in relatively large amounts of residual material that
could be attributed to the THF. This material contained peroxides and peroxide
deconposition products. [Its presence could be avoided by the use of THF
containing an antioxidant, usually a phenolic compound, or by redistillation
imediately before use. The addition of an antioxidant to the system was
not at all desirable. Redistillation would help; however the chromatographic
process took several days and significant peroxide formation can occur during
that length of time. Because of these various problens, THF was discontinued

as an eluting sol vent.

The fractionation scheme that finally evolved fromthe programis
sunmmarized in Figure 1. The schenme involved solvent partitioning to renove
the bulk of the nonpolar material that is not soluble in DMSO gel permeation
chromat ography to renove polymeric material, and silica gel chronmatography to
fractionate on the basis of polarity.

al (lo g)

Sol vent Partitioning Using
Heptane/Acetonitrile

\! 2

Heptane Fraction (H) Acetonitrile Fraction (A)
(di scarded)

GPC Usi ng Bio~Beads S- X8

' T
(A—l) (A— 3) (A-4)
Silica Gel
Chromatography

21 Fract|ons 21 Fractions
(A-2-1 to A-2-21) (A-3-1 to A3-21)

FIGURE 1. O L FRACTI ONATI ON SCHEME




Heptane/acetonitrile partitioning was found to sinulate heptane/DMSO
partitioning very well and had the added advantage of giving an extract
(acetonitrile) that could be readily concentrated directly. The partitioning
step renmoved about 75% of the oil as acetonitrile- insoluble material and thus
reduced considerably the amount of material to be processed by the next step.

O even greater inportance, the partitioning renoved nost of the DMSO-insoluble
material that could not be accomrmodated by the bioassays.

The gel perneation chromatography (GPC), also referred to as size
excl usi on chromat ography, separates conponents primarily on the basis of
nol ecul ar size. Sephadex LH~20, a nodified dextran material, was tried initially
for this step with various solvent systems, €.0. isopropanol and methylene chl ori de,
but so nuch irreversible adsorption resulted that the colum could not be
reused. Bio-Beads S-X8, a styrene-divinyl benzene copol ymer, worked very well
W th methylene chloride as the eluting solvent. The oil extracts were
fractionated into four fractions. The first fraction contained the |ong-chain
and polyneric material which accounted for nost of the dark color. The
last fraction contained small conpact polynuclear conpounds. The bul k of the
material was in the two center fractions which accounts for the nolecul ar-size
range of nost biologically-active organic conpounds.

The final fractionation step, adsorption chronatography, used silica
gel that was partially deactivated by 10% nethanol in ethylene dichloride.
This solvent in addition to deactivating the colum served as a highly polar
wash sol vent for removing contaminants fromthe silica gel. Prior to use the
colum was partially reactivated by stepw se elution With ethylene dichloride
foll owed by hexane. The elution schene used is shown in Table 2.

TABLE 2. ELUTION SCHEME FOR SI LI CA GEL FRACTI ONATI ON

Fraction No. Eluting Sol vent
1-7 Hexane
8-12 10% Ethyl ene Dichloride in
Hexane
13-16 Et hyl ene Dichloride
17-21 10% Met hanol in Ethylene
Di chloride

25 mm I D x 1200 nm upward flow col um
350 g silica gel, Davison Gade 923
10 ml/min elution rate

250 m fractions

The col um coul d be regenerated and used a number of times for fractions that
had been cleaned up by solvent partitioning and GPC. The elution Sol vents used
in the schene are stable materials that can be readily obtained in high purity
and readily concentrated.

The above fractionation schene was applied to both fresh and weat hered
Prudhoe Bay crude oil. Shale oil* froma sinulated in situ process was generously
supplied by Dr. Richard Poulson of the Laram e Energy Technol ogy Center and was

* The designation by LETC was ES-77-209, Run 16, dry.



fractionated for comparison. The major fractions obtained were eval uated by
bi oassay tests, nanely the Anes mutagenicity test, a manmalian cell toxicity
test, and/or a nysids toxicity test.

METHODS

\\eat hering

The weat hered crude oil used in the program was prepared by Dr.
Stanley Rice of Auke Bay Fisheries Laboratories in Auke Bay, Alaska. A 9.5=
liter sample of Prudhoe Bay crude oil was poured into a 1.2 mx 1.2 m pine
board open retainer moored in Auke Bay fromJuly 12, 1976, to Septenber 14,
1976. The exposure permtted weathering by evaporation, dissolution, photo~
chem cal oxidation, and mcrobiol ogical degradation and thus sinulated oil
spill conditions in an Al askan environnent.

The depth of the oil slick was initially 6 nm A l-liter sanple was
taken on August 16 and used for all fractionation studies involving weathered
oil. Small sanples, 100 m each, were also collected on August 2, August 13,

August 31, and Septenber 14. All sanples were stored at -20°C.

Pentane Vol ubility

Twel ve granms of crude oil was mxed with 600 ml of n-pentane and the
resul ting suspension was centrifuged at 1500 rpm  The supernatant, pentane
soluble fraction, was saved and the precipitate was resuspended in 50 m of
n-pentane and centrifuged. The supernatant fromthis wash was conbined with
the previous supernatant. The precipitate, pentane insoluble, was dried in
a vacuum desi ccat or and wei ghed. Fresh crude oil gave 3.0% pentane insoluble
and the weathered oil gave 4.6% pentane insol uble.

Vacuum Stripping

Rot ati ng Evaporator Procedure

Twenty granms of fresh crude oil was placed in a 100-m round-bottom
flask and attached to a rotating evaporator that was fitted with a receiving
trap cooled in a Dry Ice-acetone bath. Stripping of volatiles was achieved
by heating the rotating flask in a water bath at 9¢°c for a 10-hour period
while applying a reduced pressure of about 25 nmusing a water aspirator.

The volatiles col |l ected amounted to 17% of the starting oil. GC analysis of the
volatiles and the residual oil indicated that nmost of the conponents wth
boiling points up to the C3-benzenes had been stripped off but most of the
naphthalene and alkylnaphthalenes remained in the residue oil.

Distillation Columm Procedure

Fifty grans of fresh crude oil was placed in a 100-nl distillation
flask fitted with a thernmoneter, a magnetic stirrer, and a 150 mm x 9 mm 0.D.
Vi greaux colum having a distilling head that led to a receiving trap cool ed
in a Dy Ice-acetone bath. The flask was heated with a heating nantle and
reduced pressure was applied using a vacuum punp. Distillation was achieved
at 0.06 nm by heating to give a pot tenperature of up to 150°c. The head



tenperature rose to 100°C under these conditions and then dropped when no

nore distillate was obtained. The distillate collected anounted to 32% of the
starting oil. GC analysis indicated that although the magjority of the

met hyl napht hal enes appeared in the distillate, a significant anount still
remained in the residual oil.

Acid Extraction

One hundred grans of fresh crude oil in 400 m of hexane was stirred
with 500 M of 2N H2S04 for 20 hours. The mixture was then transfered to a
separator funnel and allowed to settle for 3 hours. The aqueous |ayer was
wi t hdrawn, washed with 100 nl of hexane, neutralized to pH 7.2 with 4§ NaCH and
back extracted three times with 200-m portions of methylene chloride. The
conbi ned methylene chloride extracts were dried with anhydrous sodium sulfate
and concentrated to 5 ml on a rotating evaporator. Residue weights obtained on
100-ul aliquots Of the concentrated extract indicated that the total acid
extractabl e conponents anounted to about 0.04%of the starting oil.

Solvent Partitioning

Ten grans of oil was placed in a 1.8 1 glass jug with 100 m of
heptane and 500 ml acetonitrile. The heptane was equilibrated Wi th acetonitrile
and the acetonitrile equilibrated with heptane prior to use. The mxture was
shaken vigorously on a nechanical for one hour and transfered to a |-liter
separator funnel with a Teflon stopcock for separation of the phases. The
acetonitrile | ayer was wi thdrawn and the heptane |ayer was reequilibrated With
another 500 m of acetonitrile. This was repeated three nore times to give
five successive acetonitrile extracts. Each extract was concentrated to an
oil using a rotating evaporator and taken up in 10 nl of methylene chloride.

A 0.05 m aliquot of each nethylene chloride solution was evaporated to
determne the residue weight. The solutions were then conbined and concentrated
to 5-10 ml for subsequent GPC fractionation.

Partitioning using other solvents was perfornmed in a simlar mnner.

Sol vent Exchange

Sol vent exchange with a higher-boiling wvolatile sol vent was
acconpl i shed using a vortex evaporator by sinply concentrating to a small vol une,
adding a 5-fold volume of the higher boiling solvent and reconcentrating to a
smal |l volume. This work well, for exanple, for replacing ethylene dichloride
with heptane prior to silica gel fractionation.

Sol vent exchange of a volatile solvent with a nonvolatile solvent was
not very conplete because the nonvolatile solvent did not distil to perm't
removal of the last traces of the volatile solvent by codistillation. However,
the conplete removal of the relatively toxic volatile solvent, ethylene dichloride,
from solutions in a nonvolatile solvent, DMSC, was very inportant in preparing
solutions for bioassay. To avoid the presence of ethylene dichloride in DVSO
solutions, the ethylene dichloride was exchanged with heptane, a nuch less toxic
solvent, prior to the addition of DMSO. The heptane was then stripped fromthe
DMSO on a vortex evaporator at 60°C with the full vacuum of an aspirator. GC
anal ysis showed that the resulting DVSO sol utions contained |ess than 10 ppm
of ethylene dichloride.
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GPC Fractionation

Gel perneation chromatography (GPC) was used to fractionate oil
prinmarily on the basis of nolecular size. The GPC colum was prepared by
packing a 750 nmx 25 nm[.D. upward flow chromatography colum with 150g
of Bio-Beads S-X8 that was preswelled i n methyleme chloride. The inlet end
(bottom) of the colum was connected to a Rheodyne Mbdel 7105 injector valve
with al-m sample [oop and to an Altex Mbdel 110 punp that maintained the
solvent flow at 2 ml/min. The colum inlet pressure was 15 psi at that flow
rate. The void volume of the colum was 116 M. The efficiency of the colum
was shown to be about 2500 theoretical plates by injecting 0.15 ng of
di-n-octyl phthalate and monitoring with a W detector at 254 nm

Up to 500 ng of oil in 1 m of ethylene dichloride solution was
fractionated in a single run. Al conponents were eluted Within 175 mnutes
(350 M) . In nost cases four fractions were collected, 0-70 rein, 70-110 rein,
110-130 rein, and 130-175 min. Mst of the color eluted in the first fraction.
The colum was used repeatedly and no significant change in colum efficiency
or retention tine for di-n-octyl phthalate was observed.

Silica Gel Fractionation

A 1.2 mx 25 mmI.D. chromatography colum set up for upward flow
operation was slurry-packed with 350g of Davison Gade 923 silica gel that
was activated by heating at 150°C overnight and deactivated by shaking with
1000 m of 1:9 methanol:ethylene dichloride. The colum was fitted wth
a Rheodyne Model 7105 injection valve that had a 5-m sanmple loop. A constant
solvent flow rate was achieved by using an Altex Mbdel 110 punp.

The colum was rinsed and equilibrated with 1:9 methanol:ethylene
dichloride at a flow rate of 1 ml/min for 20 hours. It was then equilibrated
with ethylene dichloride for two hours at 5 ml/min, With 1:9 ethylene
dichl oride: hexane for two hours at 5 ml/min, and finally wth hexane for

20 hours at 1 ml/min.

The sanmple to be fractionated, up to 1.4 g, was dissolved in heptaneand
centrifuged to remove any insoluble conponents. The heptane sol ution was
injected onto the colum in tw 5-m injections with approxinately one mnute
between injections. The injector |oop outlet flow and sanple container rinse
conbi ned, approximately 4 ml, was injected as a third injection. The heptane
insol uble were dissolved in ethylene dichloride and injected later when elution
with ethylene dichloride was begun.

The colum was eluted at a flow rate of 10 =ml/min With 1400 m of
hexane, followed by 1400 m of 1:9 ethylene dichloride :hexane, followed by
900 m of ethylene dichloride, and finally with 1400 M of 1:9 methanol:ethylene
dichloride. Fractions were collected every 25 mnutes (250 nl each).

Each fraction was concentrated to an oil in a rotating evaporator at
30°C and taken up in several portions of methylene chloride to a volume of 10 m.
A 50-ul aliquot of each fraction was used for residue weight determ nations.



11

Sal monel | a Mutagenicity Assay

Mit agenicity was determ ned by the Ames test in which the sample was
i ncubated with a histidine-dependent strain of Salnmonella bacteria in a
hi stidine-deficient culture medium Manmalian (rat) |iver microsomes contai ning
hydroxyl ase systens were added in an effort to convert certain inactive
conpounds to active nutagens. Benz(a)pyrene is an exanple of a known carcinogen
that requires such microsomal activation in order for it to exert a nutagenic
affect. The Anes test can be run with an wi thout microsomal activation in
order to differentiate between conpounds that are mutagenic as such and those
that require activation. However conpounds which are mutagenic in the absence
of mcrosomes are generally also active in the presence of mcrosones and
therefore, in using the test as a screening procedure, mcrosones were added
to all of the plates in this program

Sol vent control plates treated with solvent alone and positive contro
plates treated with known carcinogens, e.g. benz(a)pyrene and 2-am noant hracene
were used to provide reference data against which activity of test substances
could be conpared. Sterility control checks were also run for each test sanple
using nutrient agar.

Wienever a conpound or fraction is toxic to the bacteria and kills
all of the organisns at the level being tested it will not give any mutagenic
activity even though it mght be nutagenic at a | ower dosage |evel. Therefore,
when using the Anes test as a screening procedure at one dosage level, it is
necessary to assess the toxicity of the sanple in order to avoid false
negatives. Salnonella toxicity tests were run on all sanples screened on the
program

Three different Sal monella typhinmuriumtester strains were used for
the program TA-98, TA-100, and TA-1537. These are all strains that have been
devel oped for their ability to be reverted back to the histidine-producing wld
type by particular nutagens, however they differ in their sensitivity and
specificity to different nutagens.

Li ver M crosone Preparations

The activation system for the nmutagenesis screening consisted of
Arochlor 1254-induced mcrosomes derived fromrat livers. [Induction was
acconpl i shed by a single interperitoneal injection of Arochlor (200 mg/ml of
corn oil) into adult nmale rats weighing about 200 g each, at a dosage of
0.5 ng/ g of body weight, 5 days before sacrifice. The rats were deprived of
food 24 hours before sacrifice. They were stunned by a blow on the
head and decapitated

The livers were aseptically removed fromthe rats and placed into
a cold prewei ghed beaker containing 10 ml of 0.15M Kcl. After the livers were
swirled in this beaker they were renoved with forceps to a second beaker
containing 3 ml of the ®cl solution per gram of wet liver weight. The livers
were then mnced with sterile scrissors, transferred to a chilled glass
hormogeni zi ng tube and honogeni zed by passing a | owspeed nmotor driven pestle
through the livers a maximum of four tines. The honbgenates were then placed
in cold centrifuge tubes and centrifuged for 10 mnutes at 9,000 G at 4°C. The
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resul ting supernatant m crosones were decanted, aliquoted in 3 m anounts to
small culture tubes, quickly frozen in Dry Ice, and stored at -80°C in a
Reveo freezer. Sufficient microsomes for use each day were thawed at room
tenperature and kept on ice before and during use.

Microsomal M X

The microsomal m x was prepared according to the recomendations
of Ames by mixing 2 m of microsomes, 0.4 ml of 0.4 M MgClp, 0.4 ml of
1.65 MKCL, 0.1 m of 1M glucose-6-phosphate, 0.8 nl of 0.1 ¥ NADP, 10 ml of
0.2 M sodi um phosphate buffer (PH 7.4), and sterile distilled water to bring
the total volume to 20 m. Stock solutions of NADP (0.1 M and glucose-6-
phosphate were prepared with sterile water, aliquoted in appropriate amounts,
and maintained in a Reveco freezer. The stock salt solutions were prepared,
autocl ave, and refrigerated. The microsomal m x was prepared fresh daily and
mai ntai ned on ice before and during use.

Bacteria

The Sal nonella tester strains, TA-98, TA-100, and TA~1537, were
obtained directly from Ames and stock solutions of the strains were stored at
-80°C. At nonthly intervals, new bacterial isolates were obtained fromthis
stock supply. Each clonal culture was checked for confirmation of bio-
chem cal activity and spontaneous reversion rate. The cultures which conformed
to the specifications of Ares were streak isolated and used as master cultures.
These master cultures were used as the origin of weekly preparations of worKking
broth cultures. Al broth cultures were nutrient broth (difeo) supplenented
with 0.5 percent Nacl. The broth cultures were prepared by inoculating 0.1 n
of master culture into 10 mM of nutrient broth and incubating the culture in
a water bath shaker for 16-20 hours. This gave a stock culture containing
approxi mtely 102 cells per m. The incubation was performed the night before
the assay and the cultures were kept on ice during the process of preparing the
assay plates.

Bact eri ol ogi cal Medi a

The sel ective basal nedium used in the mut ageni city assays was a
1.5 percent Bacto-Difco agar in Vogel-Bonner Medium E with 2 percent glucose.
The basal nmediumused in the toxicity assays was nutrient agar

The top agar for both nutagenicity and toxicity assays was 0.6
percent Difco agar in 0.5 percent ¥acl. It was prepared in 100 M aliquots,
autoclave, and stored at room tenperature. Before use the top agar was
melted and mxed thoroughly with 10 ml of a sterile solution of 0.5 mM
L-histidine'HCL and 0.5 mM biotin. It was then aliquoted in 2-m anounts
in sterile culture tues and maintained at 45°C in a water bath before use.

Pl ate Test Procedure

The toxicity determ nations were made in duplicate for each sanple
using each of the three tester strains. The determnations were made as foll ows.
The stock culture of each tester organismwas diluted in physiological saline
to give approxi mately 300 cells per mi. The nolten top agar tubes were treated
with 0.1 nl of test material, 0.1 m of the diluted tester strain, and 0.2 ml
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of the microsomal mix. It was imediately mxed for a few seconds by vortexing
and poured onto a nutrient agar plate. After solidification of the top agar
the plates were incubated at 37°C for 72 hours and the resulting col onies

count ed

The plate test procedure for mutagenicity determnation was the
sane as that for toxicity determ nation except that the stock culture containing
approximately 109 cells per mM was used instead of the diluted culture and

hi stidine-deficient Vogel-Bonner glucose agar was used instead of nutrient agar
for the basal medi um

Wth each set of toxicity and nutagenicity determ nations sol vent
controls were run in which pure solvent was used instead of the test materia
solution, positive controls (nutagenicity determnation only) were run in which
solutions containing 10 ug/ml of benz(a)pyrene and 50 ug/mi of
2-aminoanthracene Were used instead of the test material solution, and
sterility checks were run in which no tester organisms were added. In order
for a set of tests to be considered valid the following criteria had to be net:
(1) the sterility checks of the test materials nmust give no nore than two
col onies per plate, (2) the solvent controls in the toxicity determ nation nust
give 100 to 300 colonies per plate, (3) the positive controls must give at
| east a three-fold increase in the nunber of revertant col onies over the
average value of the respective negative control (solvent control), (4) the
average number of spontaneous revertant col onies (solvent control) must be
15 to 60 for TA-98, 70 to 250 for TA-100, and 5 to 20 for TA-1537. In order
for a test material to be considered nmutagenic it had to give at least tw ce
the number of revertant colonies as the respective negative control. Test
materials that exhibited toxicity were assayed again at lower |evels whenever
possi bl e.

Mammal i an Cel | Toxicity Assay

An indication of the manmalian cell toxicity of test fractions was
determ ned by using a prescreen confluence assay. This is a single plate cel
culture assay that permts a rapid determnation of the toxicity of test
materials in wde ranges of concentrations.

Procedure

Subconfluent nonol ayer of cells (enbryonic fibroblasts obtained from
Dr. Charles Heidelberger of the University of Southern California) were
established in the individual wells of Falcon No. 3008 multiwell tissue culture
plate by seeding 5 x 103 cells in each well and allowing themto grow for 24
hours at 37°Cin a humdified 5% C02 incubator. The growth mediumwas Eagle’'s
basal nmediumw th Earl’s salt containing 10% heat inactivated fetal calf serum
with no antibiotics. At the end of the incubation period the growth medi um was
removed from all of the wells by aspiration. Fresh growth nedium containing a
desired known concentration of the test material was replaced on the cells.
Three of the four wells in each of the six rows of the plates were used for
triplicate sanples of the test material. The last well in each row was used
as a control. Thus each plate was used for six test sanples or dosages in
triplicate and provided six control replicates. Usually at least three dose
| evel s were run for each fraction eval uated.
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The plates were incubated again for 24 hours after which the
growth medium was renved, the cells washed with phosphate buffered saline
treated with fresh growth medium and reincubated. When all the nonol ayer
in the control wells reached 90-100 percent confluence (generally 6 days),
all of the wells in the plates were washed, fixed with nethanol and the cells
stained with Giemsa. After the plates were dry they were scored on a basis
of percentage of the surface area covered by the cell nonol ayer.

Eval uation of Results

The percentage of surface area coverage (confluence) was averaged
for each set of three wells treated with a specific concentration of test
material and for the six control wells. The average percent confluence in the
test wells was adjusted slightly by dividing by the average percent confluence
for the control wells times 100. The dose level of test material that would
have given 50 percent confluence, CD50, was determ ned by extrapolation of the
adj usted percent confluences found for various levels of the test material. A
conparison of CDsg val ues provide meaningful information on the relative
toxicities of different test materials in the assay system

1In Vivo Toxicity Assays

Static bioassays were conducted using brine shrinp (Artem a salina L.)
and nysi ds (Neomysis awatschensis). Brine shrinp were obtained by hatching
themin the laboratory. Mysids were collected by trawl from Sequim Bay,
Washington. After initial-hatching the brine shrinp were maintained in two
5-gallon aquaria at room tenperature with gentle aeration. The al gae
Monochrysis was used as a food source. Adult animals approximtely Smmin |ength
were selected for use in the assay. The nysids were maintained in |large
flowthrough tanks. They were acclimtized for at |east one day prior
to testing and fed a diet of Artem a nauplii.

All bioassays ran for 48 hours. Twenty aninmals were placed in each
6-liter static aquaria containing four liters of filtered seawater with gentle
aeration. Anbient tenperature (10"C) was maintained by water bath and the
salinity and tenperature of each aquarium was nonitored daily.

Brine shrinmp were transferred fromculture tank to test aquaria using
a fine mesh net. This allowed for slow draining of algal culture water with a
m ni mum of animal stress. Msids were captured by the use of hollow glass tubes.
These tubes utilized suction to draw the animal and seawater into its chanber
without direct handling. Msids were placed in an internediate beaker in groups
of twenty and fed for one hour just prior to testing. The seawater, and re-
mai ni ng nauplii were drained and the beaker contents subnerged in the bioassay
aquari um

The test material solutions were added via a syringe to the seawater
at levels of 1to 1000 pi/l. In the initial tests the solutions were added to
250 m of seawater in a stainless steel Waring blender, blended for 30 seconds
and stirred into the bioassay aquaria containing the animals and 3250 m of
seawater. The blender was rinsed tw ce by blending two 250-ml portions of
seawat er which were added to the aquaria to give a total volume of 4 liters. In
| ater studies the test material solutions were added to a volunetric flask
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containing two liters of seawater and 2 ul of Coxexit dispersant. This was
m xed by inversion 15 tinmes and stirred into aquaria containing the aninals
and another two liters of seawater.

The nunmber of live animals remaining after 24 hours and 48 hours
were recorded and the corresponding LC50 val ues determ ned by extrapol ati on.

RESULTS

Fractionation Studies

Sol vent Partitioning

Solvent partitioning in heptane/acetonitrile was used to sinulate
hept ane/ DMBO partitioning. In order to assess the performance of acetonitrile
relative to that of DVMSO and other polar solvents in such a system a series
of reference conmpounds ranging from very nonpolar conmpounds to noderately
pol ar conpounds were used in equilibration studies. Gas chromatographic
anal ysis was used for the quantitation. The results, given in Table 3, show
that acetonitrile does performsimilarly to DMSO. In these studies in which
the heptane was partitioned with an equal volune of acetonitrile, noderately
pol ar conpounds such as acetylnaphthalenme and quinoline are al nmost quantitatively
partitioned into the acetonitrile in one equilibration. For the partitioning
step used in fractionation schene applied to oil a 5:1 ratio of acetonitrile to
hept ane was used instead of 1:1. Also the partitioning was perforned five tines
with fresh solvent. Any conpounds that would remain in the heptane under such
conditions woul d very probably not be biologically active and coul d be justifiably
di scarded.

TABLE 3.  SOLVENT PARTI TI ONING STUDI ES

% Extracted Into Gven Solvent Wen
Partitioned Wth Equal Vol une of Heptane

Conpound Acetonitrile DMSO Ni t romet hane Met hanol
Cip 2 2 2 2
6 2 2 2 2
Androstane 2 2 2 2
Hexaet hyl benzene 17 16 20 20
2,3, 6-Trimethyl napht hal ene 43 48 48 49
Naphthalene 61 71 62 66
Phenant hr ene 71 90 69 73
Pyrene 71 92 66 72
Di benzot hi ophene 68 91 69 74
Di benzof uran 67 82 69 72
Acetylnaphthalene 94 98 96 98

Quinoline 98 >98 > 98 98
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The amounts of oil extracted by each individual partitioning using 5:1
acetonitriletheptane are shown in Figure 2. The first partitioning accounted
for the major ambunt of the extractable material. The total amount extracted
into the acetonitrile was about 23 percent of fresh and weathered Prudhoe
Bay crude oil and about 45 percent of the shale oil.

GPC Fractionation

The second step in the fractionation scheme was GPC fractionation
using Bio-Beads S-X8 with methylene chloride as the eluting solvent. A
representative elution profile was obtained using a snmall anount of an
acetonitrile extract of weathered oil. The ampunt present in each five-mnute
(10nm) fraction was determned by residue weight neasurenents. The elution
profile obtained is shown in Figure 3. For conparison the elution ranges
found for various reference conpounds are indicated. Long-chain conpounds eluted
early and the conpact aromatic conmpounds eluted considerably later. Polar
aromatics eluted earlier than |ess-polar aromatics.

The acetonitrile extracts of 10-gram sanples of the three oils were
fractioned into four fractions designated as A-1 to A-4 in Figure 3. The
elution profiles obtained for the oils in this manner are shown in Figure 4. The
shal e oil el uted sonmewhat earlier than the crude oils possibly becuase of a
hi gher content of heterocyclic nore polar conponents.

The effectiveness of the GPC fractionation systemis indicated by
the gas chromatograms of weathered oil fractions shown in Figures 5 and 6. The
mai n individual peaks in A-2 (Figure 5) are trace anounts of normal paraffins;
nost of the material does not elute fromthe Gc colum. Fraction A-3 (Figure
6) on the other hand gives the usual pattern of aromatic hydrocarbons, the
net hyl napht hal enes (M\), di net hyl napht hal enes (DMN), and trinet hyl napht hal enes
(TMN), etc. No significant overlap of the two fractions is noted.

Silica Gel Fractionation

Silica gel fractionation was applied to the A-2 and A-3 fractions from
each of the three oil sanples. The elution profiles obtained are given in
Figure 7. The largest amounts of material were in the first six fractions, the
hydrocarbon fractions. However at about fractions 9, 13, and 18 when elution
with progressively nore polar solvents was begun, significant amounts of nore
pol ar conponents were obtained, especially in the larger-nolecule or nmore polar
A-2 fractions. The shale oil and to a |esser extent the weathered oil had nore
pol ar maerial than the fresh oil.

The efficiency of the silica gel fractionation, which used silica
gel that had been previously deactivated with 10% methanol in ethylene
dichloride, is indicated by the gas chromatograns of hydrocarbon fractions shown
in Figures 8 and 9. Fraction 4 fromA-3 fromfresh crude oil (Figure 8) gives
a GC pattern indicative primarily of naphthalene (N), methyl naphthal enes (M),
dimethylnaphthalenes (DMN), and trimethylnaphthalenes (TMN). The next fraction,
fraction 5 (Figure 9) contains very few naphthalenes but nmainly the phenanthrenes,
fluorenes, pyrenes, and fluoranthenes.
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FIGURE 3. ELUTION PROFILE OF ACETONITRILE EXTRACT OF WEATHERED PB CRUDE OIL USING BIO-BEADS S-X8
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Bi oassay Studi es

In Vitro Studies

Various fractions of crude oil and shale oil as well as reference
conpounds were subjected to in vitro biological screening tests, nanely the
Ames Sal nonella nutagenicity test and a prescreen confluence mamalian cel
toxicity assay. The results obtained are summarized in Table 4.

Many of the oil fractions were as toxic or somewhat more toxic
than reference conpounds such as naphthalene, carbazole, 4-methylphenol,
and 2-naphthol. The shale oil fractions were nmore consistently toxic than
the crude oil fractions. The A-2 and A-3 series of silica gel fractions, which
had the benefit of cleanup by solvent partitioning and GPC, were nore toxic
than silica gel fractions from whole oil

No mutagenicity was exhibited by the various fractions except for
a slight mutagenicity from some of the shale oil fractions. Very likely
significantly greater nutagenicity would have resulted from nodifying the
bi oassay protocol

Sal monel la toxicity tests were run concurrently with the nutagenicity
tests to determ ne whether the nunber of revertants mght be influenced by a
toxicity effect. In nanY cases very significant toxicity, 90%kill or greater
occurred in the Salnonella toxicity tests while no toxicity was observed in
the nmutagenicity tests as indicated by a heavy background lawn. Cbservation
of a background | awn was therefore chosen as a nore reliable indicator of no
significant toxicity in the nutagenicity assay.

In Vivo Studies

Initial in vivo studies were conducted using both brine shrinp and
mys i ds. Phenanthrene was used as a standard toxicant to provide an index of
the sensitivity of the animals. Cyclopentanone and tetrahydrofuran, initially
considered for use as solvents for oil fractions, as well as fresh crude oi
I N cyclopentanone Were al so bi oassayed using nysids. The results are given in
Table 5. Msids were found to be much nore sensitive than brine shrinp to
exposure of phenanthrene. Msids are also a nuch nore realistic indicator species
than brine shrinp for determning the ecol ogical damage of an oil spill. For
t hese reasons, nysids were selected for all subsequent studies.

Cyclopentanone was | ess toxic than THF by a factor of about two. The
results indicated that it could be used at a concentration of 100 ul/1 with
little effect on nysids. A solution of 1 ml of Prudhoe Bay crude oil in 9 m of
cyclopentanone could therefore be used in the bioassay to give crude oil levels
up to 10 pi/l without interference by the cyclopentanone. Bioassay at this
maxi mum | evel resulted in no significant toxic effects fromthe crude oil
Phenanthrene was at least 100 times nore toxic than the crude oil. This
indicated that all of the different conponents in the crude oil that have
toxicities as great as phenanthrene conprise altogether no more than one percent
of the total unless there are also protective conmponents present. Therefore, in
order to provide toxic fractions, the fractionation process used nust concentrate
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TABLE 4. |IN VITRO BI OLOG CAL SCREENI NG STUDI ES

Rel ative Mitagenicity”

at Gven Dosage, Mammal i an Cel |
ug/plate Toxicity, CDsob,

No. Sample 1000 500 200 ug/ml
1. Benzo(a)pyrene 7 at 1 ug/plate -
2. 2- Ani noant hracene 20 at 5 ug/plate -
3. Benzene 1 >100
4, 1,2,4-Trinethyl benzene 1 80
5. Naphthalene 1 100
6.  2-Met hyl napht hal ene 1 /0
7. Phenanthrene c >100
8. 2-Naphthol c 75
9. 4,4'-Methylbiphenyl 1 >100
10. 1-Methylpyrene 1 40
11.  4-Methylphenol 1 >100
12. Carbazole 1 > 100
13. Fresh PB Fraction sg-214 1 >100
14. Fresh PB Fraction §6-22 1 >100
15. Fresh PB Fraction $G-23 1 >100
16. Fresh PB Fraction sG-24 1 >100"
17.  Fresh PB Fraction $G-25 1 > 100
18. Fresh PB Fraction SG 26 1 >100
19. Weathered PB Fraction sG-51 1 > 100
20. Weathered PB Fraction sg-52 1 >100°
21.  Weat hered PB Fraction SG-53 1 > 100
22. \\eathered PB Fraction $G-54 1 > 100
23.  Weathered PB Fraction $G-55 1 > 100
24, \Wathered PB Fraction SG 56 1 > 100
25. Fresh PB Acid Extractable 1 1 .
26. Fresh PB DMBO Extractabl e 1 ==
27.  Fresh PB Extract AN-|° 1 1 35
28.  Fresh PB Extract AN-3 1 35
29. Fresh PB Extract AN-5 1 >40
30. Weathered PB Extract AN-1 1 >40
31. Weathered PB Extract AN-3 ! >40
32. Weat hered PB Extract AN-5 1 > 40
33. Fresh PB Extract- M5t 1 >40
34, Fresh PB Extract M6 1 >40
35. Fresh PB Fraction A-2-68 1 1 > 100
36. Fresh PB Fraction A-2-9 1 1 > 100
37. Fresh PB Fraction A-2-13 1 1 75
38. Fresh PB Fraction A-2-19 1 1 60
39. Fresh PB Fraction A-3-6h 1 1 30
40. Fresh PB Fraction A-3-9 2 2 > 100
41. Fresh PB Fraction A 3-13 1 1 50
42. \Wathered PB Fraction A-2-3 1 1 60
43. \\athered PB Fraction A-2-9 1 1 > 100
44. \Weathered PB Fraction A-2-13 1 1 10
45. \eathered PB Fraction A-2-18 | 1 60
46. Weathered PB Fraction A-3-4 1 1 30
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TABLE 4. (Continued)

Rel ative Muitagenicity®

at G ven Dosage, Mammal i an Cel |
ug/plate Toxicity, CD5QP,
No. Sample 1000 500 200 ug/ml
47. Weathered PB Fraction A-3-6 1 1 35
48. Weathered PB Fraction A-3-8 1 1 >100
49. Shale G| Fraction A-2-4 1 1 70
50. Shale G| Fraction A-2-6 1 1 35
51. Shale G| Fraction A-2-9 1 1 30
52. Shale G| Fraction A-2-11 1 1 30
53, Shale G| Fraction A-2-13 1 1 40
54,  Shale G| Fraction A-2-15 1 2 45
55. Shale Q| Fraction A-2-18 1 2 40
56. Shale O | Fraction A-2-21 c 1 20
57. Shale O Fraction A-3-3 1 1 30
58. Shale Ol Fraction A-3-4 2 1 10
59. Shale G| Fraction A-3-13 c 1 40
60. Shale G| Fraction A-3-18 c 2 >100

a. Revertants in Sanple Plate

Revertants in Control Plate

b. The dosage |evel that would result in only 50% confl uence.

c. Toxic at this dosage.

d. PBrefers to Prudhoe Bay crude oil

SG refers to silica gel

chromat ographic fractions fromwhole oil.

e. AN indicates an acetonitrile extract of oil in heptane.

£. Mindicates a methanol

g. A2 fractions are silica gel

fraction.

h. A3 fractions are silica gel

fraction.

extract.

chromat ographic fractions fromthe second GPC

chromatographic fractions fromthe third GPC
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TABLE 5. I N VI VO BI OASSAY EVALUATI ON STUDI ES
No. of Test Aninals Surviving LC50, mg/1, for
Concn, mg/l Ani mal s After G ven Exposure Tine G ven Exposure Tine
24 hr 48 hr 24 hr 48 hr
Phenanthrene/Mysids
0.050 30 25  83% 23 77%
0.100 30 14 47% 8 27% 0.096 0.076
0.200 30 1 3% 0 o%
0.500 30 1 3% 0 o%
Cont r ol 30 27 90% 18 60%

Phenant hrene/ Bri ne Shrinp
18

0. 025 20 20 100% 90% >0.200 >0.200
0. 050 20 19 95% 17 85%
0. 100 20 20 100% 17  85%
0.200 20 20 100% 18 90%
Contr ol 20 20 100% 19 95%
Cyclopentanone/Mysids
10 20 20 100% 20 100% 800 420
100 20 20 100% 17 85%
500 20 14 70 9 45%
1000 20 9 45% 2 10%
Contr ol 0 19  95% 19 95%
THF/ Mysi ds
10 20 20 100% 20 100% 570 240
100 20 20 100% 18 90%
500 20 12 60% 3 15%
1000 20 1 5% 0 0%
Control 20 20 100% 19 95%
Prudhoe Bay Crude G |
i N Cyclopentanone/Mysids
0.5 20 20 100% 20 100% > 10 >10
1.0 20 20 100% 19 95%
5.0 20 19 95% 19 95%
10.0 20 19 95% 16 80%
Contr ol 20 19  95% 18 90%
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the toxic conmponents of oil at |east 100-fold.

The nysids toxicity assay was applied to various reference conpounds
and a nunmber of oil fractions. The results are given in Table 6. The majority
of the oil fractions were not toxic at the levels assayed. The shale oil
fractions in general were nore toxic than the crude oil fractions. The nost
toxic fractions were A-3-4 and A-3-5 fromweathered crude oil. Fraction A-3-4
is the fraction that contains the naphthalenes and A-3-5 is the fraction that
contains the phenanthrenes and pyrenes, etc. All of the conponents present in
A-3-5 are apparently as toxic as the phenanthrene and l-methylpyrene incl uded
as reference conpounds. The farily large pol ar conpounds, fraction A-2-18 from
both weathered PB and shale oil, are also significantly nore toxic than whol e
crude oil.

Dimethyl sulfoxide was shown to be less toxic than oil solvents such
as THF or cyclopentanone by a factor of 20 or nore. A concentration of at
| east 0.1% can be used with very little chance of toxic effects appearing. This
means that a 1% solution of an oil fraction in DMSO can be used to adm nister
the oil at levels up to 10 mg/l W thout solvent effects,

Corexit, a dispersant that is highly effective in oil spill situations,
was also included in the assay. It was relatively nontoxic in that the 48 hour
LCsg was 100 mg/1. This shows that the |evel of 1 mg/l that is commonly used in
practice would have no biol ogical effect detectable by the nysids test.



30

TABLE 6. IN VIVO Bl OLOG CAL SCREENI NG STUDI ES USI NG MYSIDS
LC50 For Gven Exposure Time, mg/l

No. Sanpl e 24 Hr 48 Hr
1. Phenant hr ene 0.2 0.2

2. 1,2, 4-Trinethyl benzene 8 7

3. 2-Methylnaphthalene 0.6 0.7
4, 1-Methylpyrene 0.4 0.2
5. 4=Methylphenol 9 4

6. Dibenzothiophene 2 2

7. Fresh PB Volatiles? >10 >10
8. Fresh PB Residual s >10 >10
9. Fresh PB Fraction SG-16P >10 >10
10. 5G-21 >10 >10
11. SG~22 >10 >10
12. 36~ 23 >10 >10
13. SG~-24 >10 >10
14, 5G-~-25 >10 >10
15. SG~26 >10 >10
16. Weat hered PB Fraction $G-44 >10 > 10
17. SG-46 >10 >10
18. SG-51 >10 >10
19. SG-54 >10 >10
20. S$G-56 >10 >10
21. Fresh PB Fraction A-2-9¢ >20 >20
22. A-2-19 >10 10
23. \Wat hered PB Fraction A-2-3 >10 > 10
24. A-2-13 >40 29
25. A-2-18 15 5
26. A-3-4d 2 1
27. A 3-5 0.8 0.5
28. Shale G| Fraction A-2-4 5 2
29. A-2-9 >10 3
30. A~2-13 4 1
31 A-2-18 5 2
32. A-3-18 4 1
33. Dimethyl sulfoxide >10,000 10,000
34, Corexit 500 100
35. Fresh PB Crude G I° >10 >10

PB refers to Prudhoe Bay crude oil.
SG refers to silica gel chromatographic fractions from whole oil.

A-2 fractions are silica gel chromatographic fractions fromthe second GPC
fraction.
A-3 fractions one silica gel chromatographic fractions fromthe third GPC
fraction.

1 mg/1 of Corexit was used to aid dispersion.
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Dl SQUSSI ON

Many of the concerns and probl ens associated with devel oping a sound
program have al ready been discussed in the Experinmental Approach section. A
key aspect in the devel opnent of the program was accepting the prenise that
maj or portions of petroleumare intractable in terns of being available to
bi ol ogi cal systems and such intractable nonavailable portions need not be
accounted for in the bioassay program The fractionation scheme that evolved,
using solvent partitioning, GPC fractionation, and silica gel fractionation
worked very well and was quite effective in renoving intractable conponents.
Most of the intractable components stayed in the heptane |ayer during the
solvent partitioning. These components were probably conprised mainly of the
paraffin waxes and other highly paraffinic material. The GPC fractionation
removed nost of the colored and polymeric intractable conponents that remained.

Many of the final fractions did not contain enough material for
bi oassaying. The fractions that were studied indicated that mst of the
toxicity was associated with the aromatic hydrocarbon fractions. Sone of the
more polar fractions exhibited toxicity and also a hint of nutagenicity.
Subfractionation and nutagenicity assays enploying a nore sensitive system
woul d be needed to denonstrate any very significant nutagenic or potentia
carcinogeni ¢ effects.

Because of the strong parallel between nutagens and carcinogens,
the mutagenicity assay is of major interest for detecting potential long-
range biological effects of spilled oil. The insensitivity of the Anes
mut agenicity assay as used was a serious deficiency in the program  (One of
the main causes of the insensitivity is the fact that an attenpt was made
to use the test as a screening nethod for all fractions using only one or two
concentration levels. The nunber of plates per test were therefore kept to a
mninum The Ames test in a conplete formcan involve 5 bacterial strains,
5 levels of test material, without and w thout wmicrosomal activation, in
triplicate, with one set for mutagenicity and another conplete set for toxicity,
all of which entails the preparation and counting of 300 agar plates. In
modi fying such a protocol for screening only 3 strains, only one |evel of test
material in nost cases, only with microsomal activation, in duplicate were used
with one set for mutagenicity and another a conplete set for toxicity. This
entailed the preparation and counting of only 12 plates instead of 300.

The 12-plate protocol was fully justifiable as a substitution for a
300-plate protocol as an initial screening protocol. Unfortunately, in
retrospect with additional understanding and data obtained, neither protoco
suffices for determning potential mutagenicity of oil fractions. Both of
the above protocols work well for detecting the nutagenicity of 1 ug of BaP
but they do not serve well for detecting mutagenicity in oil fractions. They
are not optimzed for handling a 1000-ug sanple of oily matrix. Two mmjor
deficiencies were found. The first deficiency involves the separate toxicity
assay which is designed to determ ne whether or not a | ow value for the nunber
of revertants results frompartial toxicity instead of froma |lack of nutagenicity.
The deficiency stenms fromthe fact that about 108 cells are used in the
mut ageni city assay but only about 103 cells are used in the toxicity assay. When
applied to 1 to 10 ug of a pure conpound the toxicity test results can be
consi dered relevant to the nutagenicity test. However when 1000 ug of an oi
fraction is used, considerable toxicity may be observed in the toxicity test when
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inreality there may be no significant toxicity in the corresponding
nutagenicity test as indicated by a normal background lawn. This inconsistency
between the toxicity test and nutagenicity test can be explained on the

basis of physical adsorption effects related to the nunber of cells. The 1000-
ug oil sanple can nearly overwelm the 10°cells in the toxicity test by sinple
physical adsorption rather than by actual cellular toxicity. Wen the 1000 ug
Is added to 10°cells in the nmutagenicity test however, the cells are in great
excess and the number of cells that beconme inactivated by physical adsorption of
the oil is an insignificantly small proportion of the total. The toxicity of

an oil fraction in the mutagenicity test can therefore best be evaluated by
observing the background lawn. The use of a range of test dosages woul d al so
help factor out the toxicity effect. The effectiveness of the background |awn
observation approach was denonstrated by assaying an oil fraction at |evels of
500, 1000, and 2000 ug. The corresponding nunbers of revertants found were 114,
18, and 5, respectively. There was a partial reduction in the background |awn
at the 1000 ug level and al nost conplete absence of background |awn at the 2000
ug level. The separate toxicity test should therefore be deleted from any
future protocols.

The second deficiency, which is a much nore serious deficiency,
invol ves optim zation of the nutagenicity assay. The assay is quite sensitive
to changes in the anount of microsones added to each plate. The nutagenicity
assay used for this program was optimzed for use with 1 ng of BaP, a
representative petrol eum nmutagen. The optimzation involves optimzing the
concentration of the microsomal fraction in the microsomal mx as well as
optimzing the anount of microsomal m x added to each plate. Representative
data from such an optimzation study are given in Table 7. On the basis of
these data, 0.15 nl of 10% microsomal m X were considered optimal in using this
particul ar microsomal mx and TA-98 culture

TABLE 7. OPTIM ZATION OF MJUTAGENICI TY TEST FOR BaP

Nunber of Revertants Per Plate Wen

Amount o _f Microsomal M X, Using G ven Percent of Microsomal

‘m/plate Fraction in the Microsomal M x*
7.5 10 12.5

0.1 136-126P 136-145 247-223
0.2 179-193 231-236 54-56
0.3 73-75 62-42 49-54
0.4 73-62 38-46 45-41
0.5 o4-57 36-44 39-42

a. Al tests were conducted using strain TA-98 and 1 ug of BaP.

b. Individual results fromduplicate plates are given. The values

obtai ned for spontaneous reversions in the absence of BaP in triplicate
plates were 28, 29, and 32.

The microsomal activation is used to convert conpounds such as BaP,
whichareinactiveassuch,intohydroxylated metabolizes that are nutagenic.

In this manner the test sinulates what happens in an actual mammalian system
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The amount of microsomes present, however, is quite critical. An insufficient
anount of microsomes Will result in nuch of the BaP staying in its origina
inactive form while an excess of microsomes will netabolize the active
hydroxylated metabolizes further to yield inactive species

Wien a test is optimzed for 1 ug of BaP it will not be optimzed for
an oil fraction. This was shown by using various different amunts of microsomal
m x when assayi ng 1000 ug of one of the oil fractions. Wth 0.1, 0.2, 0.3, 0.4,.
and 0.5 nl of 10% microsomal m x the nunbers of revertants were 36, 54, 71, 125,
and 205, respectively. Perhaps with a greater amount of microsomal mi X an even
greater nunber of revertants would have been obtained. The average nunber of
spontaneous revertants in this test was 30. Therefore by using 0.15 or 0.2 m
of microsomal m x as dictated by optimzation studies with BaP, the nunber of
revertants is less than two times background and not considered significant. By
using greater amounts of mcrosomes a nunber of revertants of at least 7 times
background can be achi eved which indicates very definite nmutagenicity.

The need for greater amounts of mcrosones when assaying 100 to 1000 ug
of an oil fraction can be readily understood by considering that there are
many nore nol ecul es conpeting for microsomal action than when only 1 ug of BaP is
present. Therefore in order for traces of BaP-type nolecules to be optinally
converted to active metabolizes nmany nore microsomes are required. This effect
can also affect the anmount of oil fraction that is optimal for the assay. For
a given anount of micresomal M X, the nutagenicity of 200 ug of a given oi
fraction may be nuch greater than that of 500 ug or 1000 pg sinply because at
the higher levels the ratio of microsomes to oil nolecules is not great enough
to give optimal conversion of BaP-type mol ecul es. They nay be many conponents
that preferentially interact with the microsomes without be converted to active
net abol i zes.

It can be concluded fromthe above considerations that the anmpunt of
microsomes used in the nutagenicity assay nust be optimzed for each individua
oil fraction. This, of course, introduces quite profound changes in any
protocol intended as a screening test. Variations in both the anount of
microsomes per plate and the anount of test material per plate nust be
studied. One approach would be to use four different anounts of microsomes,
e.g. 0.2, 0.4, 0.8, and 1.6 n, with each of four different levels of oi
fraction, e.g. 800, 400, 200, and 100 pg. If run in duplicate, this would
require 32 plates per sanple per test strain used. CQur experience and
that of other workers, however has indicated that the use of TA-98 al one
is satisfactory for detecting all nutagenic conmponents of petroleum
materials. Therefore a satisfactory screening protocol could involve 32
pl ates per sanple which is considerably nmore than the 12 plates per
sanple used in this programbut is still a reasonable nunber. Mst inportant
of course, is the fact that such a protocol would have a much greater chance
of detecting the nutagenicity of an oil fraction

. Because of the very linmted amount of material available in many of
the oil fractions, the amount required by the nutagenicity protocol is an

important consideration. It is of interest to note that the 32-plate protoco
described above requires 12 ng, exactly the sane amount as the 12-plate protoco
used at the 1000 ug/plate level. If the 800 ug level were deleted, the 32-plate

protocol would become a 24-plate protocol and only 5.6 ng of test material would
be required. This is about the sane as requried for the 12-plate protocol at the
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500 pug/plate | evel. Thus the protocol described above is a reasonable screening
protocol in terms of sanple requirements as well as effectiveness.

It was indicated earlier that either further subfractionation Or a
more sensitive mutagenicity assay systemwould be requried to denonstrate
significant biological effects of oil fractions. It is very likely that the
screeni ng protocol described above woul d be at least 10 times nore sensitive
than the 12-plate protocol used and thus would achieve the requirements of an
activity-directed fractionation program

One of the problems associated with using the nysids toxicity test
has been the relatively large amount of sanple required. In order to test an
oil fraction at levels of 10, 4, 1, 0.4, and 0.1 mg/l in duplicate at |east 62 mg
Is needed. Mbst of the fractions obtained didn't contain that nuch material
However if the highest dose were deleted fromthe assay only 11.2 mg woul d be
needed. Since the aromatic hydrocarbon fractions gave LCsgs in the range of 0.4
to 2 mg/l and since they represent a mgjor fraction of the oil, it is reasonable
to consider that any of the mnor fractions that is not toxic at a |level of
4 mg/l will not be significant in an oil spill situation and can justifiably be
ignored. On this basis, the nysids test could be used to assay even m nor
fractions that show toxicity in in vitro assays.

CONCLUSI ONS

Maj or components of petroleumare so intractable that they can not be
eval uated in bioassay tests. However such components are so water insoluble
and even insoluble in dimethyl sulfoxide that it is unlikely that they woul d
ever exert any biological effect. Fractionation of oil using solvent
partitioning between heptane and acetonitrile in conjunction with gel perneation
chromat ography can be used effectively to renove the intractable conponents
that otherwise interfere with bioassay studies. Subsequent subfractionation
using silica gel chromatography serves very well for obtaining a series of 20
fractions having increasing polarities.

An in vivo test involving toxicity to nysids, an_in_Vvitro mammalian-
cell toxicity test based on confluence of growh, and the Ames bacteria
mutagenicity test all work well to assess the biological activity of oi
fractions that have had intractable conponents renmoved. The total sanple
requirement for running all three tests is less than 30 ng. In applying the Anes
mutagenicity test to an oil fraction, varying amounts of microsomes need to be
added to each of several concentrations of the oil fraction in order to optimze
the test for that particular fraction. By using such an optim zation protoco
the test should be nuch nore sensitive than the protocol actually used for this
program

On the basis of the limted bioassay results obtained on the program
the main petroleum fractions from an oil spill, that would represent a biologica
hazard are those that contain the aromatic hydrocarbons. However some of the
polar fractions are toxic and nutagenic to a |lesser extent and may also be
significant biological hazards. The polar fractions fromshale oil are nore
toxi ¢ and nutagenic than those from Prudhoe Bay crude oil

The final bioassay scheme that evolved fromthe program has not been
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applied to the oil sanples. The conplete fractionation and bi oassay schene is

based on experimental evidence that indicates that it will work very well. It
shoul d be applied in a sonewhat scal ed-up node to fresh crude oil, weathered
crude oil, and shale oil to obtain nore conplete and nore definitive data on

the potential biological hazards of polar petrol eum conponents.

NEEDS FOR FUTURE STUDY

The know edge gained in this research program now pernits a proven
fractionation-bioassay schene to be applied to the determnation of biologically-
active nonhydrocarbon fractions of petroleum or petroleuml!|ike materials, e.g.
shale oil. It is unfortunate that some of the key fractors in the scheme were not
obtained until the end of the program Therefore the total data obtained give
a very inconplete picture of what are the potential biological hazards of the
nonhydr ocarbon conmponents of weathered oil renmaining after an oil spill.

The limted data that were obtained confirmthe fact that the aromatic
hydrocarbons represent the greatest environnental hazard of any of the
petrol eum conponents. At the same time, however, there were indications that
sone of the nore polar fractions may be biologically active. It would be well
worthwhile at this point to repeat the fractionation with a nodest scale up
of 5to 10 times and assay all of the nonhydrocarbon fracti ons using all three
of the bioassay tests with the nodifications discussed above. This would entai
considerably less time and effort than has been devoted to the program so far but
woul d result in nuch nore definitive data that would be very inportant to the
OCSEAP program
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ABSTRACT

The less volatile and nonhydrocarbon conponents of weat hered
petroleum that remain after an oil spill are generally overlooked in
bi ol ogi cal studies and associ ated gas chromatographic analyses. In an
effort to determ ne whether such conponents present a potential environ-
mental hazard weathered Prudhoe Bay crude oil was fractionated by sol vent
partitioning, gel perneation chromatography, and adsorption chronatography.
Fractions were assayed for nutagenicity and toxicity by using the Anes
Sal nonel la mutagenicity assay and a manmalian-cell prescreen confluence
assay. The toxicity of selected fractions was al so determ ned by Ln
vivo studies using mysids as the test organism Fresh Prudhoe Bay crude
oil and shale oil were included in the study for conparison purposes.
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The program that 1'11 discuss here can be considered gas stemming from
a concern about oil spills -- a concern about what environnental |y harmful
components may be left by an oil spill.

As we are all well aware, a great deal of effort has been devoted
in recent years to studying the biological effects of oil spills, i.e., the
bi ol ogi cal effects of petroleum The biological studies are frequently
supported by chemcal analyses in an effort to determ ne which petrol eum
conponents are causing the effects observed.

W' ve been involved in the chem cal analysis end of prograns,
including nethods developnent, for the past 6 or 7 years. Generally
chem cal analyses are linmted to those conponents that can be detected nost
easily, the volatile and semivolatile hydrocarbons that are easily deter-
mned by gas chromatography. These include the saturated hydrocarbons
n-paraffins, isoprenoids, and napht henes which are essentially nontoxic,
but which are sonetines considered as indicators ofpetroleum, aS well as
aromati ¢ hydrocarbons such as benzenes naphthalenes, and phenanthrenes which
are of interest because of their toxicity, and polvnuclear aromatics, such as
benzo[ a] pyrene and di benzant hracene which are of interest because of their
carcinogenicity.

Petrol eum however is conprised of many other conponents including
nonvol atile and pol ar conmponents. In a highlvy weathered oil, 80 or $0Q percent
of the oil may be nonGC-zble components. Thi :
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shotochemically degraded, or lost froman oil slick by dissolution and
evaporation. It therefore seenmed that any program concerned Wth the
| :ng-term biological effects of an oil spill ought to consider conponents
other than the GC-able hydrocarbons. Perhaps sone of the nonvolatile and
pol ar conponents are toxic or nmutageni c and should be studied in nonitoring
prograns. On the other hand such conmponents nay have no significant
bi ol ogi cal activity and we should continue to ignore them However we
shoul d not ignore them until we have experimental evidence indicating
that they are indeed not inportant. W should'nt ignore them sinply
because they’ re not detectable by the analytical nethods usually enployed.

Ve therefore initiated a program sponsored by N0AA as part of
Its Alaskan Quter Continental Shelf Environnental Assessment Program to
study nonhydrocarbon components of weather oil. The plan called for what
we ternmed activity-directed fractionation. This meant that we would fractionate
the oil into a dozen fractions or so, run bioassay tests to determ ne which
ones were toxic or mutagenic, subfractionate those active fractions, run
bi oassay tests on the subfractions, and continue in that manner until
subfractionation no |onger increased the activity per unit weight. We
woul d ignore the inactive fractions ignore the hydrocarbon fractions, and
chemical |y characterize the active nonhydrocarbon fractions. Ve hoped to
end up with all of the oil accounted for, i.e. a mass balance, so we would'nt
mss any potentially active fraction.

In discussing the program here 1'11 describe sone of the things
we did that didn't seemto work out very well; I'll describe some of the
approaches that did seemto work and put us on the right track; and 1'l1
di scuss some of the problems involved. | won't be giving the answers, in
terms of what are the nonhydrocarbon toxic conponents, not because I'm holicing
out but because we just haven't gotten that far alonz with the program.

There were several problenms that seriously interfered with the
success of the plan. One mmjor problemwas the basic phenonenon that oil
and water don't mx. This presented the problem of how t0 get a highly
water-inscluble component into an aqueous medium re;.tired for bicassav.
A second pr obl em was t he parti al wvolatilitvgfthe il hichmer siciiZiiculic
to obtain very reliable residue weishtsandthereforzdrerantecagce

talance from being achi eved. A third problem was the insensicivicy of zhe



Sicassav methods which meant that in the initial fractionation all of the
fractions m ght appear inactive and no direction would be given to the
subiractionation.

The volubility problemwas one that hit us right off the bat.
| don’t mean to imply that we didn’t expect it but we just had to deal
with it sonehow. There were really two problens -- one was finding a water-.
sol ubl e or water-dispersible organic solvent that would dissolve the oil
fraction but not be toxic in the bioassay; and the other was how to keep
the oil fraction dispersed in the aqueous bioassay nedium  Solvents such
as tetrahydrofuran, benzene, and methylene chloride are good solvents for
the oil fractions and are sufficiently water soluble, but are too toxic
in the bioassay. Dimethyl sulfoxide and acetone are not toxic in the
bi oassay but are not satisfactory solvents for many of the oil fractions.
We investigated various other solvents and found cyclohexanone and cyclo-
hexanol to be good oil solvents, sufficiently water-soluble and less toxic
than THF;, but even so they really weren't satisfactory. They were still
too toxic and although the oil fractions were soluble in the solvents, as
soon as the solutions were added to the aqueous bioassay medium the oil
fraction separated out. W tried several dispersants but they didn't work
very well either.

At about that point we decided to take the sour grapes approach.
We decided to go ahead and use dimethyl sulfoxide and if an 0i | comporent didn’t
dissolve in the DMSO we just wouldn't be interested in it after all. Wwe
rationalized the decision on the basis that just about every biologically-
active organi c conmpound we could think of was at |east slightly soluble in
DVMBO -- or to put it nmore basically, if a component would'nt dissolve at
least slightly in DMSO it was unlikely that it could gez into a cellular
systemto exert a biological effect. So, despite ths scur

aQ

rapes aspect
of the decision we felt we actually were on pretty £irm ground.
The partial volatility problem affected residue weights and

therefore the nass balance. In evaporating cil solutions, the cilv residue
acts as a keeper for the solvent as well as a keeper for the mere velatile
oil conponents. The ideal case would b2 cne in whish the amount 2f s:lvent
remazining after evaporation isS equal to the amcunt o2 wsiztile il commamizsn

1ost SO that the residue weight cbserved is ecuzl o -thas mighs bz called the



true residue weight. However, as the viscosity and volatility of the oil
components vary from fraction to fraction t-he errors in residue wei ght
determ nations will vary. In nost cases the residue weight observed is
probably less than the true residue weight. Wrking with oil that

had the nore volatile conponents renoved by reduced pressure distillation
hel ped considerably but even so the residue weights obtained could only be
consi dered approximations. In nost of our fractionation steps, recoveries
based on residue weights varied between 85 and 95 percent. However, when
we got a recovery of 85% we coul d neverbe sure whether the 157 discrepancy
actually represented material that was not recovered or sinply represented
errors in residue weight determnations.

The problem of insensitivity of the bioassay methods was particularly
true for the Ames nutagenicity assay. Fractionation into a large nunber of
fractions prior to bioassay was necessary. I'il discuss that sone nore a
little later.

At this point | think it would be hel pful if I would summerize
(see Figure 1) the scope of our programas it evolved after studying
the problems that |'ve described so far. W studied 3 different oils.

Al though we were prinmary concerned with weatherd Prudhoe Bay crude oil,

we used fresh crude oil and shale oil for conparison. The shale oil

was froma simulated in situ process of the Laramie Energy Research Center.
The weathered crude oil was provided by Dr. Stan Rice of the National

Marine Fisheries Auke Bay Laboratory in Al aska. He exposed the oil during
the summer for 2 nonths in a pine frane attached to a floating dock. The
oil was therefore subjected to dissolution into the water, evaporation into
the air, photochemical degradati on, and m crobiol ogi cal degradation, thus
simulating in many respects an oil spill situation in an Alaskan environment .

The fractionation involved solvent rtartiticning, gel permeation
or size-exclusion chronmatography, and adsorption chromatographv.

The bioassays included two in vitro tests, namelv the Ames
bacterial nutagenicity test and a mammalian-cell toxicity test. and an in
vivo assay using nysids. The in vivo studies are being directad by Dr.

SLSLZE oLan ddtuun

i

Jack Ander son at Battelle northwesc » Sequim Marin

[$19]



STARTING OlL SAMPLES

Fresh PB Crude Oil
Weathered PB Crude Oil
Shale Oil

FRACTIONATION METHODS

Heptane/Acetonitrile Equilibration
Gel Permeation Chromatography — Bio-Beads S-X8
Adsorption Chromatography — Silica Gel

BIOASSAY METHODS

Ames Salmonella Mutagenicity Test
Mammalian-cell Prescreen Confluence Test
Mysid Toxicity Test

FI GQURE 1. PROGRAM SCOPE



To give an appreciation for the problems associated With the
sensitivity of the Ames nutagenicity test, lets |ook at some of the
cuwntitative considerations (see Figure 2) in applving the Ames test
to the detection of mutagenicity of BaP in crude oil. |f we consider
that the 3aP concentration in a crude oil is 2 ug/g, and the detection
limit for Bap in the Ames test is 2 yg, and assume that 3aP i S the only
mut agen present, then we can conclude that all of the Ba? in 1g of
crude oil has to be added to the Ames test plate in order for any
mutagenicity to be detected. Furthernore, since the maxi num anount of
sanpl e that can be acconmodated by an Ames test plate is about 1 ng, the
crude oil must be fractionated in a manner that gives a 1000-fold concen-
tration factor for BaP. [If all fractions contained equal anounts of
material, the crude oil would have to be fractionated into at least 1000
fractions and all of the BaP would have to be in just one of those
fractions before any nutagenicity would be detected. Fortunately, the
situation is probably not quite that dismal. In the first place
fractions that contain BaP undoubtedly contain other mutagens and secendly
a major inactive portion of the oil can be renoved by solvent partitioning.

The fractionation scheme that we used is shown in Figure 3. The
schene involved solvent partitioning to renove the bulk of the nonpol ar
material, size exclusion chromatography using Bio Beads S-X8 t0 remove
polyneric material, and silica gel chromatography to <fractionate on the
basis of polarity.

The heptane/acetonitrile partitioning was used to simulate a
heptane/DMSO partitioning. Acetonitrile has a big advantage over TMSO
inthat it is quite volatile and extracts can be readily concentrated
directly. When SO is used, the extract has to be <iluted with water and
the oil conponents back extracted into a solvent such as cvclopentane.

In order to assess how well acetonitrile might work as a DMSO substitute
we ran solvent partitioning studies with varicus reference compounds. The
results are shown in Table 1. The values given are the sercent Of the

compound extracted into the polar solvent when parzitioned s

of heptane. The very nonpolar saturatad hvdrocarhins $227aC

-
)
}

in the heptane, significant or major amounts of ar
intc the polar solvents, and essen:ciallv all of the —or: =01

z nt into the polar solvents. In the hentane facet:
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--- -5 used for the oil fr



PREMISE 1:
PREMISE 2:
PREMISE 3:
CONCLUSION 1:

PREMISE 4:

CONCLUSION 2:

PREMISE 5:
CONCLUSION 3:

BaP Concentration In Crude Oil “2 ug/y
BaP Is Only Mutagen in Crude Oil
Limit Of Detection Of BaP In Ames Test =2 ug

All Of The BaPIn 1g Of Crude Oil Must Be
Added To Ames Test To Be Detectable

Maximum Amount of Sample Accommodated By
Ames Test =100 ul Of 1% Solution = 1 mg

Crude Oil Must Be Fractionated In A Manner That
Gives A 1000-Fold Concentration ractor For BaP

All Fractions Contain Equal Amounts Of Material

Crude Oil Must Be Fractionated into At Least 1000
Fractions And All Of The BaP iiustBain One Of
Those Fractions Before Any Mutagenicity Will Be
Detected

FI GURE 2. QUANTI TATI VE CONSI DERATI ONS OF AMES TEST



Qil {10.0 g)
Heptane/Acetonijtrile

Y Y
Heptane Acetonitrile
Fraction (H) Fraction (A)
S-X8
t |
. Y y i
(A-1) (A-2) {A-3) (A-4}
Si0y SiO2
21 Fractions 21 Fractions
(A-2-1 to A-2-21) (A-3-1 to A-3-21)

FIGURE 3. FRACTI ONATI ON SCHEME



TABLE 1.

SOLVENT PARTI TI ONI NG

Compound
Cie
C26
Androstane

Hexaethylbenzene

2,3,6 -Trimethylnaphthalene
Naphthalene

Phenanthrene

Pyrene

Dibenzothiophene
Dibenzofuran
Acetyinaphthalene
Quinoline

% Extracted Into Given Solvent When
Partitioned With Equal Volume of Heptane

Acetonitrile DMSO Nitromethane  Methanol
<2 <2 <2 <2
<2 <2 <2 <2
<2 <2 <2 <2

17 16 20 20
43 48 48 49
61 71 52 65
71 90 69 73
71 92 515} 72
68 91 69 74
67 82 569 72
94 g8 96 98
98 >908 > 98 98
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o neptane instead of 1:1 and repeated the extraction. 5times. Any
somporents that would remain in the heptane under such conditions would
orobably not be biologically active and were therefore discarded. The
amounts extracted by each individual partitioning are shown in Figure 4.
The first partitioning, of course, accounted for a major amount of the
extractable material. The total amount extracted into the acetonitrile
was about 23% of fresh and weathered Prudhoe Bay crude oil and about 45%
of the shale oil. This step thus reduced considerably the amount of
material to be processed by the next step, the gel permeation chronatography?
and, of even greater inportance it renoved nost of the DMSO-insoluble
material that could not be acconmpdated by the bioassay nethods anvway.

The next step in the fractionation scheme was gel permeation
chromat ography also referred to as size exclusion chromatography. We
originally tried Sephadex LH-20 for this step but got so much irreversible
adsorption that we could'at reuse the colum. Bio-3eads S-X8,

& styrene-divinylbenzene copol ymer, worked quite well with methylene
chloride as the eluting solvent. Its a systemthat wve've used quite
successfully for cleaning up extracts of environmental sanples. An elution
profile obtained for the acetonitrile extract of weathered crude oil is
shown in Figure 5. For conparison |’'ve also indicated the elution ranges

of various reference conpounds. Long-chain conpounds elute early and the ,
conpact aromatic conpounds elute considerably later. Polar aromatics elute
earlier than less-polar aromatics. It's also of interest to note that elenental
sul fur elutes even |ater than aromatic conmpounds end al though that’s not of
concern to this programit provides a very useful technigue for removing

sul fur from hydrocarbon-contai ning sedi ment extraccs.

.
natec

The oil extracts were fractionated into £:-» Iracticns desi

a0

as A-1 to A-4. The first fraction contained a majecr portion of the dazk cclor,
presunably polyneric material. This i S material that would be largely
irreversibly retained during subsequent silica gel chrozatography. The fourth
fraction contained the very small molecules especially compact polvnuclear

- A -

i1

crematics having strong pi-bonding charactert

-:as in the two center fractions A-2 and A-3
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The elution profiles obtained for the three oils in this manner
are shown in Figure 6. The shale oil eluted somewhat earlier than the crude
oils opessiblv because of a higher content of heterocvelic more pclar components.

The effectiveness of this Bio-Beads fractionation system i S
i ndi cated by the gas chromatograms shown in Figures 7 and 8. The main
i ndi vidual peaks in A-2 (see Figure 7), are trace anounts of normal paraffins;
most of the material does not elute fromthe 6¢. Fraction A3 (see Figure 8)
on the ot her hand given the usual pattern of aromatic hydrocarbons, the
methylnaphthalenes, dimethylnaphthalenes, trimethylnaphthalenes, et cC.

The next fractionation step used was adsorption chromatography
using silica gel. The elution schene used is given in Table 2. The col um
was prepared in 10% nmethanol in ethylene dichloride and was therefore somne-
what deactivated. Prior to use it waswashed with straight ethylene dichloride
and then with hexane. 1In the elution process the hexane would elute any
saturated hydrocarbons first, then the benzenes and naphthal enes, then
phenant hrenes and hi gher polynuclear aromatic hydrocarbons. Wth the addition
of ethylene dichloride, heterocyclic nitrogen- and oxygen-containing conpounds
would elute and later with the addition of nethanol nuch more polar compounds
would elute.

The elution profiles obtained for the .4-2 and A-3 Bio-Beads
fractions fromthe three oils are given in Figure 9. The | ar gest anmounts
of material were in the first six fractions, the hydrocarbon fractions. However
around fraction 9 when 10% et hyl ene dichl ori de was begun, fraction 13 when .
straight ethylene dichloride was begun, and fraction 19 when 10% net hanol
was begun, significant amounts of nore polar conmponents were obtained, especially
in the larger-nolecule or nore polar A-2 fractions. The weathered crude oil
and shale oil had significantly nore polar material than tze fresh crude oil.
It’s this polar naterial, which represents only about 57 of the starting oil,
that we're nost interested in.

The efficiency of the silica gel fractionation used is indicated
by the gas chromatograms shown in Figures 10 and 11. These are chromatograms
of hydrocarbon fractions that we're familiar with, Fraction 4 from A-3 from
fresh crude oil (see Figure 10) gives a C C pattern.imddanariwa Drimarilv ¢
naphthalenes, methyl naphthal enes, dizmethvlnaphthalenss, and <rimethvlaaph thalenes .
The next fraction, fraction 5, (see F:izure 211) con=al us vers few naph thalenes

but mainly t he phenanthrenes and fluorenes.



14

PB Crude Shale Qil

Weathered

Fresh
PB Crude

///

<
rTO \Q\\\ |

| Oy,
MHhihihih

80

p 0 0 0 o o o
@ 0 < o N =
k5
U
52 ¢
- B 5
C%Tﬁ
8O
& 0 o
o & -~
;.._

2 3 4
Fraction Number

Focuke 6. ELUTION PRCFILES FROM FRACTIONATION USING BIO-BEADS S-X8
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TABLE 2. SILICA GEL FRACTIONATION

Fraction No. Eluting Solvent

1-7 Hexane

8-12 10% Ethylene Dichloride in Hexane
13-16 Ethylene Dichloride
17-21 10% Methanol in Ethylene Dichloride

25 mm [D x 1200 mm upward flow column
350 g silica gel, Davison Grade 923

10 ml/min elution rate

250 ml fractions
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That covers the fractionation studies. 71 wish | could give
bicassay results on z11 th fractions but that work is net completed.
we've used various reference conmpounds in the toxicity assays, including
2-methylnaphthalene, phenant hene, l-methylpyrene, 4-methylphenol, 2-naphthol,
di benzot hi ophene, and carbazole, and found l-methylpvrene to be somewhat
more toxic than the others. We have also found that some of the polar
fractions of o0il have toxicities conparable to that of l-methylpyrene,
so it will be interesting to study those fractions in greater detail.

In the Ames mutagenicity assay we have found aslight amount
of activity in some of the polar fractions but further optim zation studies
need to be run before we can make any valid concl usions.

Al t hough I’ve not been able to provide bioassay data, I hope
the presentation of the approach and the discussion of the problems involved
have provided sone useful insights into working on this type of problem



